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Zebrafish Functional Genetics Approach to the Pathogenesis of Well-Differentiated Lipo-

sarcoma 
 
 
1.  INTRODUCTION: 
 Well-differentiated liposarcoma is the most common soft-tissue sarcoma of humans, and predis-
posing factors include exposure to dioxin-containing herbicidal agents used during the Vietnam 
War (Agent Orange) and radiation from Atomic Bombs (Institute of Medicine 1994; Kogevinas 
1997; Preston 2007).  The molecular pathogenesis of this disease is very poorly understood, and 
there are no effective medical therapies for patients whose tumors cannot be fully removed at 
surgery (Dalal 2008).  Current knowledge of well-differentiated liposarcoma pathobiology has 
been driven by descriptive analyses of human tumors, which have revealed that almost all cases 
harbor amplifications of chromosomal material from 12q (Suijkerbuijk 1994; Pedeutour 1999).  
These amplicons consistently involve the MDM2, CDK4 and HMGA2 genes, which have long 
been hypothesized to play a pathogenic role in this disease.  Several additional genes are also 
involved within these amplicons, some of which have also been proposed to be pathogenic.  
However, the lack of animal models of this disease has made it impossible to identify the key 
oncogenes that drive selection for these amplifications, and therefore are expected to represent 
the “Achilles’ Heels” of this disease.  Indeed, the products of such genes could offer optimal tar-
gets for therapeutic intervention, in contrast to non-pathogenic “passenger” genes which are am-
plified only because of their physical proximity to bona fide oncogenes.  The difficulty of distin-
guishing driver from passenger genes has resulted in a dearth of functionally validated therapeu-
tic targets, representing a major obstacle to the development of effective cancer therapies.  We 
recently developed the first animal model of well-differentiated liposarcoma, induced by expres-
sion of a constitutively active AKT transgene in mesenchymal progenitors of p53-mutant 
zebrafish (Gutierrez 2011).  Thus, this animal model now allows the performance of pioneering 
in-depth investigation of the molecular pathogenesis underlying well-differentiated liposarcoma, 
which was the focus of this project. 
 
 
2.  KEYWORDS:  
Well-differentiated liposarcoma, Oncogene, Zebrafish, Genetically engineered animal models, 
Cancer Therapy 
 
 
3.  ACCOMPLISHMENTS:   Major Goals and Accomplishments during the award period are 
summarized here with respect to each task outlined in the approved Statement of Work, as fol-
lows: 
 
3A.  Specific Aim 1.  Test the hypothesis that FRS2 overexpression drives aberrant PI3K-
AKT activation in well-differentiated liposarcoma.   
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3A.1.  Task 1.  Test whether FRS2 is a well-differentiated liposarcoma oncogene in transgenic 
zebrafish 
(timeframe, months 1-12).   

 
Subtask 1a.  Test whether FRS2 overexpression in zebrafish mesenchymal progenitors is 

sufficient to induce well-differentiated liposarcoma (timeframe, months 1-6).   We generated a 
cohort of zebrafish expressing a rag2:FRS2 transgene that drives FRS2 overexpression in mesen-
chymal progenitors.  Positive controls were injected with rag2:myr-Akt2, and negative controls 
were injected with rag2:EGFP.  In our original application, we proposed generating and testing a 
minimum of 50 zebrafish per condition, based on calculations of our biostatistician collaborator 
Dr. Kristen Stevenson.   We analyzed a cohort of 81 rag2:FRS2 zebrafish, as well as 58 positive 
controls and 61 negative controls, for a minimum follow-up period of 6 months (range, 6-11 
months), but we saw no liposarcomas develop in FRS2-transgenic animals (Figure 1A).  Subtask 
1a was completed as planned. 

 
Subtask 1b.  Test whether FRS2 overexpression in zebrafish mesenchymal progenitors 

collaborates with p53 mutation in well-differentiated liposarcoma pathogenesis (timeframe, 
months 3-9).  We also generated a cohort of rag2:FRS2-transgenic zebrafish in the p53 homozy-
gous mutant background, to test whether FRS2 overexpression collaborates with p53 mutations.  
We analyzed a cohort of 91 rag2:FRS2, p53-mutant zebrafish for tumor onset for a minimum of 
6 months (range, 6-8 months), as well as a cohort of rag2:myr-Akt2 positive controls and 
rag2:EGFP negative controls (>50 fish in each group), but also saw no liposarcomas develop in 
FRS2-transgenic animals (Figure 1B).  Subtask 1b was completed as planned. 

 
 

 

Figure 1.  FRS2 is not sufficient to induce well-differentiated liposarcoma.  To test 
whether FRS2 is a liposarcoma oncogene, we generated transgenic zebrafish in the p53 wild-
type (A) or p53 homozygous-mutant background (B), which expressed rag2:FRS2, rag2:myr-
AKT2 (positive control), or rag2:GFP (negative control) transgenes.  This experiment revealed 
no tumors in FRS2-transgenic zebrafish indicating that FRS2 expression alone is not sufficient 
to drive liposarcoma development.  By contrast, tumors in myr-AKT2 positive controls occurred 
at the predicted rate based on our previous findings (Gutierrez 2011). 
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Subtask 1c.  Test whether FRS2 overexpression in zebrafish mesenchymal progenitors 
drives aberrant PI3K-AKT and RAS-MAPK pathway activation (timeframe, months 9-12).  We 
analyzed a cohort 4 of zebrafish expressing rag2:FRS2, as well as rag2:GFP negative control, 
and rag2:KRAS-G12D (encoding constitutively active Kras) positive control, for evidence of 
PI3K-AKT pathway activation (as assessed using immunohistochemistry for phospho-AKT 
(Ser473), and of RAS-MAPK pathway activation (using immunochemistry for phospho-ERK1/2 
(Thr202/Tyr204).   Immunohistochemical analysis revealed no evidence of PI3K-AKT or RAS-
MAPK pathway activation by FRS2, whereas positive control zebrafish expressing an activated 
KRAS allele showed activation of these pathways (Figure 2).   Subtask 1c was completed as 
planned. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3A.2.  Task 2.  Test whether FRS2 overexpression in normal human preadipocytes promotes pro-
liferation and oncogenic signal transduction (timeframe, months 1-12).   
 
For all experiments in this Task, normal human preadipocytes were obtained from a commercial 
provider (www.promocell.com, product # C-12730).  The human liposarcoma cell lines we used 
are LPS 141, LPS 510, LPS 789, LPS 853, and T449, which were obtained from the laboratory 
of my co-mentor Dr. Jonathan Fletcher, where most of these lines were originally derived.  Both 

Figure 2.  FRS2 does not activate PI3K-AKT or RAS-MAPK signaling in zebrafish adipocytes or mesenchymal progenitors.  Hematoxylin and Eosin (H&E) staining or immunohistochemistry for phospho-AKT(S473) or phospho-ERK(T202/Y204) was performed in zebrafish expressing rag2:GFP (negative control), rag2:FRS2, or rag2:KRAS(G12D), encoding a constitutive RAS allele. 
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normal preadipocytes and human liposarcoma cell lines were provided to us anonymously with-
out any linking identifiers, and it is impossible for us to determine the identity of the original 
source. 
 

Subtask 2a.  Test whether FRS2 overexpression in normal human preadipocytes promotes 
proliferation and overcomes senescence (timeframe, months 1-6).  We generated a lentivirus 
construct expressing full-length human FRS2, and used it to successfully infect normal human 
preadipocytes with this gene.  EGFP was the negative control, and KRAS-G12D was the positive 
control.  We then analyzed these cells for growth, proliferation, and apoptosis, but found no ef-
fect of FRS2 overexpression in these cells (Figure 3).  Subtask 2a was completed as planned. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Subtask 2b.  Test whether FRS2 overexpression in normal human preadipocytes drives 

oncogenic signal transduction (timeframe, months 3-9).  We also analyzed the cells generated in 
Subtask 2a for biochemical evidence of activation of PI3K-AKT and RAS-MAPK pathways, us-
ing Western blot analysis for phosphorylation of AKT, S6K, MEK and ERK.  This experiment 
revealed no evidence of activation of these signal transduction pathways (Figure 4) and this Sub-
task was completed as planned. 

 
 

Figure 3.  FRS2 does not promote proliferation or inhibit apop-
tosis in normal human preadipocytes.  Transduction of normal 
human preadipocytes was performed using lentiviral constructs en-
coding FRS2, EGFP (negative control), and KRAS-G12D (positive 
control).  (A) Effects on cell growth were assessed using Cell Titer-
Glo (A).  (B) Effects on apoptosis were assessed using Annexin V 
and 7-aminoactinomycin D (7-AAD) staining, performed 4 days after 
transduction  Early apoptotic cells were defined based on annexin V 
positivity and 7-AAD negativity. 
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Subtask 2c.  Test whether FRS2 is required for proliferation and survival of human lipo-

sarcoma cells (months 12-24).  We performed shRNA knock-down in human cell lines derived 
from patients with well-differentiated liposarcoma that harbor amplification and overexpression 
of FRS2, and found that FRS2 knock-down specifically decreases cell viability and induces cell 
death through the mitochondrial pathway of apoptosis (Figure 5).  Subtask 2c was completed as 
planned. 

 
 
 

3A.3.  Task 3.  Test the hypothesis that growth, survival, and oncogenic signal transduction in 
cell lines derived from patients with well-differentiated liposarcoma is dependent on FRS2 over-
expression (timeframe, months 1-12) 

 
Subtask 3a.  Identify shRNA hairpins that effectively silence FRS2 expression in human 

liposarcoma cells in a conditional fashion (timeframe, months 1-3).  We have identified two dis-
tinct shRNA hairpins that effectively silence FRS2 expression in human liposarcoma (Figure 
5A), and successfully cloned these into a doxycycline-inducible vector.  Subtask 3a was com-
pleted as planned. 

 
Subtask 3b.  Test whether FRS2 knock-down in human liposarcoma cell lines impairs 

proliferation and oncogenic signal transduction (timeframe, months 3-9).  We performed shRNA 
knock-down of FRS2, and found that this impairs viability and signaling through key down-
stream oncogenic signaling pathways, including the PI3K-AKT and MAPK pathways, as as-
sessed by Western blot for phosphorylation of key downstream kinases including AKT, MEK 
and ERK (Figure 5B-C).  Subtask 3b was completed as planned. 
 

 
 
 
 
 

Figure 4.  FRS2 overexpression 
does not induce activation of 
AKT or ERK signal transduc-
tion pathways.  Normal human 
preadipocytes were transduced 
with FRS2 or EGFP (control), and 
activation of PI3K-AKT and RAF-
MEK-ERK signal transduction 
pathways was assessed by 
Western blot for the indicated an-
tibodies 4 days after transduction. 
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Subtask 3c.  Investigate the hypothesis that FRS2-dependent signal transduction requires 

an activated kinase (timeframe, months 9-24).  We undertook a candidate approach and per-
formed shRNA knock-down of three kinases known to interact with FRS2: FGFR, RET and 
TRKA.  shRNA knock-down was performed in human liposarcoma cell lines, in order to test the 
hypothesis that one of these kinases is required for FRS2-dependent signal transduction.  How-
ever, shRNA knock-down of these three kinases had no significant effect on AKT and ERK 
pathway activation in these cells (data not shown), suggesting that these are not the relevant ki-
nases in this model.  Two other kinases have been reported to interact with FRS2, ALTK and 
TRKB, but neither of these genes are expressed in liposarcoma cell lines.  These experiments 
thus indicate that FRS2-dependent signal transduction is mediated by a novel FRS2 interacting 
partner.  To identify such an unknown partner, we are pursuing a mass spectrometry approach 
based on FRS2 pull-down analysis and mass spectrometry proteomics.  Although we completed 
the initial phase of this Subtask involving knockdown of known FRS2-interacting proteins, we 
have not yet succeeded in identifying the relevant FRS2 binding partner, and these efforts will 
continue in our laboratory beyond the funding period of this award.  Of note, we anticipated that 
finding the relevant kinase might very well extend beyond the funding period, and this was pre-
sented as such in our original proposal. 
 
 
 
 
 
 

Figure 5.  FRS2 knock-down impairs the 
viability of human liposarcoma cells.  (A) 
Two individual shRNA hairpins were identi-
fied that effectively knock down FRS2 ex-
pression in LPS141 cells, a human liposar-
coma cell line.  Western blot analysis shown.  
(B) FRS2 knock-down silences activation of 
the AKT and ERK pathways, as assessed by 
Western blot analysis for the indicated anti-
bodies.  (C) FRS2 knock-down impairs the 
viability of LPS141 cells, as assessed using 
Cell Titerglo analysis.  (D) The toxicity of 
FRS2 knock down is partially rescued by 
overexpression of a BCL2 construct that 
blocks mitochondrial apoptosis.  These find-
ings implicate mitochondrial apoptosis induc-
tion as one key mediator of the toxicity of 
FRS2 knock-down. 
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3B.  Specific Aim 2.  Test the hypothesis that MDM2, CDK4 and HMGA2 are well-
differentiated liposarcoma oncogenes that collaborate synthetically in its molecular patho-
genesis (timeframe, months 12-24). 
 3B.1.  Task 1.  Test the ability of MDM2 to accelerate the onset of AKT-induced well-
differentiated liposarcoma (timeframe, months 12-18). 
 MDM2 is a ubiquitin ligase best-known as an inhibitor of p53 activity, and is consistently 
amplified in human well-differentiated liposarcoma.  To test whether MDM2 can accelerate the 
onset of AKT-induced liposarcoma, we generated transgenic zebrafish expressing myristolated 
(constitutively active) AKT and co-expressing either MDM2 or GFP control.  Expression of 
MDM2 significantly accelerated tumor onset in this model, proving that MDM2 is an oncogene 
in this disease (Figure 6).  Although this was an expected finding, this was not previously prov-
en, and this work validates MDM2 as a therapeutic target in this disease.  The clinical relevance 
of this work is that small-molecule MDM2 inhibitors are now entering clinical trials, and could 
prove particularly useful for these patients. 

The finding that human liposarcomas consistently inactivate the p53 pathway by MDM2 
amplification, and not by mutating p53 which is much more common in other human cancers, 
suggests that MDM2 may also have oncogenic roles in this disease.  To test this possibility, we 
are currently testing whether MDM2 can accelerate tumor onset in p53-null zebrafish.  Although 
this experiment is not yet mature enough to allow firm conclusions to be drawn, preliminary data 
suggest that MDM2 retains significant activity as an oncogene even in p53-null zebrafish, con-
sistent with the very interesting possibility that MDM2 has p53-independent oncogenic roles in 
this disease.  This represents an entirely unexplored area of cancer biology that represents one 
major focus of our future work in this area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.  MDM2 accelerates the onset of AKT-induced liposarcoma.  The incidence of liposarcoma was assessed in zebrafish expressing a constitutively active myr-AKT transgene, and either MDM2 or GFP (controls).  MDM2 expression significantly potentiates AKT-induced liposarcoma, thus provid-ing proof that MDM2 is an onco-gene  
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3B.2.  Task 2.  Test the hypothesis that CDK4 and HMGA2 are well-differentiated liposarcoma 
oncogenes (timeframe, months 18-24).   
 
3B.3.  Task 3.  Test the hypothesis that YEATS4 is a non-pathogenic passenger gene within the 
liposarcoma 12q amplicons (timeframe, months 12-24).   
 
Results for Tasks 2 and 3 are shown together in Figure 7.  Generation of transgenic zebrafish ex-
pressing either CDK4 or HMGA2 in mesenchymal progenitors lead to tumor formation in both 
cases, implicating both of these genes as bona fide liposarcoma oncogenes.  By contrast, no tu-
mors were seen in any of the 50 zebrafish expressing the rag2-YEATS4 transgene, suggesting 
that this gene is indeed a non-pathogenic passenger.  These tasts were completed as planned. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Opportunities for Training and Professional Development:  This award has allowed me to 
formalize a mentoring relationship with my co-mentors on this project Drs. Thomas Look (Dana-
Farber Cancer Institute) and Jonathan Fletcher (Brigham & Women’s Hospital).  Although the 
formal award period has ended, I have built a lasting mentoring relationship with both Drs. Look 
and Fletcher, which will help guide my continued scientific development and success for years 
beyond the formal award period.  I am most grateful for the DOD for this opportunity.  
 
How Were the Results Disseminated to Communities of Interest:   A portion of these results 
has been presented at national and international meetings, including Oral Platform Presentations 
at the 2013 International Conference on Sarcoma Biology (New York, NY), and an Oral Plat-
form Presentation at the 2015 Annual Meeting of the American Association for Cancer Research.  
Once our studies are complete, they will be submitted for publication in peer-reviewed scientific 
journals.   

Figure 7.  Testing the in vivo oncogenic ability of candidate liposarcoma oncogenes HMGA2, CDK4 and YEATS4.  Transgenic zebrafish that were p53 wild-type were generated that ex-pressed rag2-driven transgenes encoding either HMGA2, CDK4 or YEATS4 in mesenchymal progenitors.  Note tumorigenesis induced by HMGA2 and CDK4, but not YEATS4, in the zebrafish model of liposarcoma. 
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What do you plan to do during the next reporting period to accomplish these goals:   Noth-
ing to report. 
 
 
4.  IMPACT:    
Impact on the Development of the Principal Discipline of the Project:  
  This project aimed to leverage the first animal model of well-differentiated liposarcoma, the 
most common sarcoma of humans, to investigate the molecular pathogenesis of this disease and 
yield insights into novel therapeutic strategies.  Previous work had revealed a series of candidate 
oncogenes that are recurrently amplified in the human tumors, but the lack of animal models se-
verely impaired our ability to investigate the relevance of these candidates to the biology of the 
disease.  The impact of this work is that it now provides, for the first time, functional evidence 
in a relevant in vivo model system that now allows us to identify bona fide liposarcoma onco-
genes, which are optimal therapeutic targets, and distinguish these from non-pathogenic passen-
gers that are amplified only due to their physical proximity to key oncogenes.   
 
The impact of the work supported by this DOD award can be summarized based on the following 
conclusions: 
  Although FRS2 is required for cellular viability and for activation of the PI3K-AKT and 

RAS-MAPK pathways in liposarcoma, the ectopic overexpression of FRS2 is not sufficient 
to activate oncogenic signaling in these cells.  Although our hypothesis was proven incorrect, 
these results are nevertheless important because therapeutic strategies are typically most effi-
cacious when they target a key oncogene whose aberrant activation directly drives oncogenic 
signaling.  Our data suggest that although there may be some therapeutic benefit to targeting 
FRS2-dependent signaling in this disease, they do temper enthusiasm and suggest the need to 
prioritize the discovery of alternative candidate targets that are bona fide oncogenes.  MDM2 and CDK4 are bona fide oncogenes and licensed therapeutic targets in well-
differentiated liposarcoma.  This is a highly clinically relevant finding because a number of 
MDM2 and CDK4 small molecule inhibitors are currently in late stages of clinical develop-
ment, thus our results indicate that patients with well-differentiated liposarcoma could benefit 
significantly from these therapies, and should be prioritized in clinical trials of these drugs.  
Future efforts will be focused on testing the therapeutic activity of these drugs, alone and in 
combination, in our zebrafish model and other relevant preclinical models.  Our results suggest that YEATS4 is a non-pathogenic passenger in liposarcoma, which is re-
currently amplified in human tumors only because of its physical proximity to other onco-
genes on chromosome 12q.  HMGA2 is a particularly potent liposarcoma oncogene, whose ability to induce tumors in 
p53 wild-type zebrafish is similar to the combination of MDM2 and AKT combined.  This 
suggests that HMGA2 amplification and overexpression play a key role in the pathogenesis 
of this disease.  HMGA2 is a non-histone chromosomal protein whose functions are not well-
understood, but include regulation of the enhanceosome and transcriptional output.   How 
this gene drives sarcomagenesis is entirely unknown at the moment, and unraveling the role 
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of HMGA2 in liposarcoma pathobiology represents a very exciting and productive avenue 
for further investigation. 

 
Impact on Other Disciplines:  Although the primary impact of the work is on the biology and 
therapy of well-differentiated liposarcoma, the finding that HMGA2 is a particular powerful on-
cogene has implications for the basic biology of the enhanceosome and transcriptional regulatory 
mechanisms, as it indicates that amplification of a core enhanceosome component can be onco-
genic.  We anticipate that further investigation will provide major opportunities to unravel the 
role of the enhanceosome in human oncogenesis. 
 
Impact on Technology Transfer:  Nothing to report. 
 
Impact on Society Beyond Science and Technology:  This project has major implications for 
clinical medicine, as it provides compelling data to support clinical trials testing MDM2 and 
CDK4 inhibitors (which are currently available) in patients with well-differentiated liposarcoma, 
for whom there are no effective alternative therapies.  The military impact is that liposarcoma is 
particularly common in military veterans exposed to Agent Orange, and is also a potential con-
sequence of radiation exposure from military or terrorist attacks, thus development of effective 
therapies for this disease has high potential impact for both military personnel and civilians at 
risk of such exposures. 
 
5.  CHANGES/PROBLEMS:  Nothing to report. 
 
6.  PRODUCTS: 
 
Publications, conference papers, and presentations:  A portion of this work was presented at 
the 2013 International Conference on Sarcoma Biology (New York, NY), and at the 2015 Annu-
al Meeting of the American Association for Cancer Research (Philadelphia, PA).  These presen-
tation are noted in my curriculum vitae, included as Appendix I to this annual report. 
 
7.  PARTICIPANTS AND OTHER COLLABORATING INSTITUTIONS:  
Participants: 
 Name:  Alejandro Gutierrez 
Project Role:  Principal Investigator 
Researcher Identifier:  ORCID 0000-0002-0249-9007 
Nearest person month worked over the 2 years of the award:   4.8 months 
Contribution to project:  Dr. Gutierrez has been responsible for directing all aspects of this pro-
ject.  This includes designing experiments, performing technically challenging aspects of key 
experiments, and interpreting data and results. 
Funding Support:  Research grants from the National Institutes of Health/National Cancer Insti-
tute, USC Parker Institute, Gabrielle’s Angel Foundation for Cancer Research, Damon Runyon 
Cancer Research Foundation, Linde Family Foundation, Boston Children’s Hospital. 
 
Name: Christine Reynolds 
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Project Role: Research Technician 
Researcher Identifier:  N/A 
Nearest person month worked over the 2 years of the award:  0.6 months 
Contribution to project:  Ms. Reynolds has been responsible for carrying out key technical as-
pects of this proposal, particularly with respect to cloning and testing of the constructs for Aim 2.  
Ms. Reynolds is also our lab manager and managed ordering and supplies for this project. 
Funding Support: Research grants from the National Institutes of Health/National Cancer Insti-
tute, USC Parker Institute, Gabrielle’s Angel Foundation for Cancer Research, Damon Runyon 
Cancer Research Foundation, Linde Family Foundation, Boston Children’s Hospital. 
  
Name: Alice Zi Wei Liao 
Project Role: Research Technician 
Researcher Identifier:  N/A 
Nearest person month worked over the 2 years of the award:  0.6 months 
Contribution to project:  Ms. Liao took over all of Ms. Reynold’s responsibilities after Ms. 
Reynolds left the laboratory in mid-2015.  Ms. Liao also functioned as our lab manager and 
managed ordering and supplies for this project. 
Funding Support: Research grants from the National Institutes of Health/National Cancer Insti-
tute and Boston Children’s Hospital. 
 
Name: Oscar Calzada 
Project Role: Research Technician   
Researcher Identifier:  N/A 
Nearest person month worked:  21 months 
Contribution to project:  Mr. Calzada has been primarily responsible for the performance of all of 
the work in this proposal, with the assistance of Ms. Reynolds as detailed above, from the start of 
the project through mid-2015.  Mr. Calzada was also involved in designing the experiments and 
interpreting the results. 
Funding Support: N/A 
 
Name:  Salmaan Karim 
Project Role: Research Technician   
Researcher Identifier:  N/A 
Nearest person month worked:  3 months 
Contribution to project:  Mr. Karim took over all of Mr. Calzada’s duties after Mr. Calzada left 
the laboratory in mid-2015.  Mr. Karim was also involved in designing the experiments and in-
terpreting the results. 
Funding Support: N/A 
 
 
Changes in the Active Other Support of the PI:  
1. Grants that have expired since start of the current award: 
 
TITLE:   Zebrafish Chemical and Classical Genetics Approach to the Pathogenesis of T-ALL 
TIME COMMITMENT:  75% 
AGENCY:   NIH 5K08 CA133103-04 
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PERFORMANCE PERIOD:  07/01/08 – 06/30/13 
 
TITLE:   Discovery and Targeting of Apoptosis Resistance Mechanisms in T-ALL 
TIME COMMITMENT:  10% 
AGENCY:   NIH 1R21 CA167124-01 
PERFORMANCE PERIOD: 06/01/12 – 05/31/14 
 
TITLE:   Unraveling the Molecular Pathogenesis of T-Cell Acute Lymphoblastic Leukemia using 

Zebrafish Genetics and Small Molecule Screens TIME COMMITMENT:  10% 
AGENCY:   American Society of Hematology 
PERFORMANCE PERIOD:  07/01/08 – 06/30/13 
LEVEL OF FUNDING:   $104,140 (annual direct costs) 
 
TITLE:   Molecular mechanisms of chemotherapy resistance in T-cell acute lymphoblastic leukemia 
TIME COMMITMENT:  5% 
AGENCY:   Boston Children’s Hospital   
PERFORMANCE PERIOD:  07/01/13 – 06/30/15 
OVERLAP:  NONE. 
 
TITLE:   The role of JAK3 mutations in T-ALL 
TIME COMMITMENT:  10% 
AGENCY:   Linde Family Foundation 
PERFORMANCE PERIOD:  06/01/14 – 05/31/15 
OVERLAP:  NONE. 
 
2.  New grants received since start of the current award: 
 
TITLE:   Therapeutic Activation of the PP2A Tumor Suppressor for High-Risk T-ALL 
TIME COMMITMENT:  20% 
AGENCY:   USC Parker Institute  
PERFORMANCE PERIOD:  01/01/13 – 12/31/15 
OVERLAP:  NONE.  
TITLE:   Therapeutic Activation of the PP2A Tumor Suppressor in High-Risk T-cell Acute Lym-

phoblastic Leukemia                                           TIME COMMITMENT:  2.5% 
AGENCY:   Gabrielle’s Angel Foundation   
PERFORMANCE PERIOD:  05/30/13 – 05/29/16 
OVERLAP:  NONE. 
 
TITLE:   Mechanisms and Therapeutic Targeting of EZH2-Dependent Chemoresistance in T-ALL  
TIME COMMITMENT:  20% 
AGENCY:   Damon Runyon Cancer Research Foundation                
PERFORMANCE PERIOD:  07/01/13 – 06/30/17 
OVERLAP:  NONE.  
 
TITLE:   Pathobiology and Therapeutic Targeting of EZH2-Dependent Chemoresistance in T-ALL 
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TIME COMMITMENT:  20% 
AGENCY:   National Institutes of Health/National Cancer Institute 
PERFORMANCE PERIOD:  09/01/15 – 08/31/20 
OVERLAP:  NONE. 
 
TITLE:   Translational Investigator Service Award 
TIME COMMITMENT:  1% 
AGENCY:   Boston Children’s Hospital 
PERFORMANCE PERIOD:  06/01/15 – 05/31/20 
OVERLAP:  NONE. 
  
Other Organizations Involved as Partners:  Not applicable. 
 
 
8.  SPECIAL REPORTING REQUIREMENTS:  Not applicable. 
 
 
9.  APPENDICES: 
 
Appendix I contains references cited. 
 
Appendix II contains an updated curriculum vitae of the principal investigator, and highlighted in 
yellow is the presentation of a portion of the work funded by this award at the 2013 International 
Conference on Sarcoma Biology (New York, NY), and the 2015 Annual Meeting of the Ameri-
can Association for Cancer Research (Philadelphia, PA). 
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APPENDIX I - REFERENCES  Dalal KM, Antonescu CR and Singer S  "Diagnosis and management of lipomatous tumors." J Surg Oncol (2008);97:298-313.  PMCID:  Gutierrez A, Snyder EL, Marino-Enriquez A, Zhang YX, Sioletic S, Kozakewich E, Grebliunaite R, Ou WB, Sicinska E, Raut CP, Demetri GD, Perez-Atayde AR, Wagner AJ, Fletcher JA, Fletcher CD and Look AT  "Aberrant AKT activation drives well-differentiated liposarcoma." Proc Natl Acad Sci U S A (2011);108:16386-91.  PMCID: 3182699 Institute of Medicine (1994). Veterans and Agent Orange: Health Effects of Herbicides Used in Vietnam. Washington, D.C., National Academy Press. Kogevinas M, Becher H, Benn T, Bertazzi PA, Boffetta P, Bueno-de-Mesquita HB, Coggon D, Colin D, Flesch-Janys D, Fingerhut M, Green L, Kauppinen T, Littorin M, Lynge E, Mathews JD, Neuberger M, Pearce N and Saracci R  "Cancer mortality in workers exposed to phenoxy herbicides, chlorophenols, and dioxins. An expanded and updated international cohort study." Am J Epidemiol (1997);145:1061-75.  PMCID:  Pedeutour F, Forus A, Coindre JM, Berner JM, Nicolo G, Michiels JF, Terrier P, Ranchere-Vince D, Collin F, Myklebost O and Turc-Carel C  "Structure of the supernumerary ring and giant rod chromosomes in adipose tissue tumors." Genes Chromosomes Cancer (1999);24:30-41.  PMCID:  Preston DL, Ron E, Tokuoka S, Funamoto S, Nishi N, Soda M, Mabuchi K and Kodama K  "Solid cancer incidence in atomic bomb survivors: 1958-1998." Radiat Res (2007);168:1-64.  PMCID:  Suijkerbuijk RF, Olde Weghuis DE, Van den Berg M, Pedeutour F, Forus A, Myklebost O, Glier C, Turc-Carel C and Geurts van Kessel A  "Comparative genomic hybridization as a tool to define two distinct chromosome 12-derived amplification units in well-differentiated liposarcomas." Genes Chromosomes Cancer (1994);9:292-5.  PMCID:  
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APPENDIX II – Updated Curriculum Vitae of the Principal Investigator 
 
Date Prepared: 

 
December 11, 2015 

Name: Alejandro Gutierrez 
Office Address: Boston Children’s Hospital, Karp 8 

300 Longwood Ave  
Boston, MA 02115 

Home Address: 81 Franklin St 
Brookline, MA 02445 

Work Phone:  617-919-3660 
Work Email:  alejandro.gutierrez@childrens.harvard.edu 
Fax: 617-730-0934 
Place of Birth: Montreal, Canada 
Education 
 1996 B.A. Chemistry University of Arizona 
2001 M.D. Medicine University of Pennsylvania 

School of Medicine 
 

Postdoctoral Training  
 
 
 
  

 2001-2004 Resident Pediatrics The Children’s Hospital of 
Philadelphia 

2004-2007 Clinical Fellow Pediatric Hematology/Oncology Dana-Farber Cancer 
Institute, Boston Children’s 
Hospital and Harvard 
Medical School 

2007-2012 Postdoctoral Research 
Fellow 

A. Thomas Look Laboratory Dana-Farber Cancer 
Institute 

 
Faculty Academic Appointments 
 
 
 
  

 2007-2012 Instructor Pediatrics Harvard Medical School 
2012- Assistant Professor Pediatrics Harvard Medical School 
 
Appointments at Hospitals/Affiliated Institutions 
 
 
 
  

 2007- Staff physician Hematology/Oncology Boston Children’s Hospital 
2007- Staff physician Pediatric Oncology Dana-Farber Cancer 

Institute 
2012- Principal Investigator Hematology/Oncology Boston Children’s Hospital 
2012- Member Leukemia and Sarcoma Programs Dana-Farber/Harvard 

Cancer Center 



 

 2

2015- Member Immunology Graduate Program Harvard Medical School 
2015- Associate Member Broad Institute of MIT and Harvard  
Other Professional Positions 
 
 
  

 2012-2014 Member, Project Advisory Committee World Child Cancer Foundation 
2013- Affiliated Faculty of Advisors, Academy of 

Investigation 
Boston Combined Residency Program in 
Pediatrics 

 
Major Administrative Leadership Positions  
Local 
 
 
  
2012-2016 Co-Director, Pediatric Hematology/ 

Oncology Research Seminar Series 
Boston Children’s Hospital/Dana-Farber 
Cancer Institute 

 
Committee Service  
Local 
 

 
  
 

  

2012-2013 Member, Faculty Search Committee Dana-Farber Cancer Institute, Boston 
Children’s Hospital, Harvard Medical School 

2013-2014 Member, Faculty Search Committee Boston Children’s Hospital, Dana-Farber 
Cancer Institute, Harvard Medical School 

2014-2015 Member, Faculty Search Committee Dana-Farber Cancer Institute, Boston 
Children’s Hospital, Harvard Medical School 

2015- Member, Fellowship Selection 
Committee 

Pediatric Hematology/Oncology Fellowship 
Program, Dana-Farber/Boston Children’s 
Cancer and Blood Disorders Center 

 
Professional Societies 
 

 
  

 
  

2004- American Society of Pediatric Hematology/Oncology                 Member 
2007- American Society of Hematology Member 
      2012 Annual Meeting:   Abstract Reviewer and Scientific Chair, Oral Abstract Session 

     2013 Annual Meeting:   Abstract Coordinating Reviewer and Scientific Chair, Oral Session 
     2014 Annual Meeting:   Scientific Chair, Oral Abstract Session   

2011- American Society of Clinical Oncology Member 
      2011 Annual Meeting:   Scientific Chair, Oral Abstract Session 
2011- Children’s Oncology Group Member 
2011- American Association for Cancer Research Member 
2013- Society for Pediatric Research Elected member 
 
Grant Review Activities 
2012 FWO (Belgian National Fund for Scientific Research) Ad Hoc Reviewer  
2013 Flemish League Against Cancer    Ad Hoc Reviewer 
2014 Association for International Cancer Research  Ad Hoc Reviewer 
2015 Children with Cancer UK     Ad Hoc Reviewer 
2015 German-Israeli Foundation for Scientific Research  Ad Hoc Reviewer 
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Editorial Activities 
Ad Hoc Reviewer 
Blood 
Cancer Research 
FEBS Journal 
Haematologica 
Journal of Clinical Oncology 
Laboratory Investigation 
Leukemia 
Molecular Cancer Therapeutics 
Nature Medicine 
Pediatric Blood & Cancer 
Scientific Reports 
 
Other Editorial Roles 
2015 Guest Associate Editor PLOS Genetics 
 
 
Honors and Prizes 
 
 
 
  

 2009 ASH-AMFDP Scholar Award American Society of Hematology 
2010 Young Investigator Award American Society of Pediatric Hematology/Oncology 
2013 
2013 

Research Fellow Award 
Elected Member 

Gabrielle’s Angel Foundation for Cancer Research 
Society for Pediatric Research 

2014 Clinical Investigator Award Damon Runyon Cancer Research Foundation 
2014 Investigatorship Boston Children’s Hospital 
 
Report of Funded and Unfunded Projects 
Funding Information 
Past 
 2005-2008 Pathophysiology of Human Blood Cells (PI:  Lux) 
 NIH/NHLBI T32 HL007574 
 This training grant supported my early postdoctoral training in cancer genetics. 
  
2007-2010 A Zebrafish-Based Screen for New Drugs for the Treatment of T-Cell ALL 
 William Lawrence Foundation Research Grant 

PI ($400,560) 
 The goals of this project are to perform a synthetic lethal screen in transgenic zebrafish for 

small molecules that are synthetically lethal to MYC overexpression in developing 
lymphocytes, and to pursue the preclinical development of these lead compounds into 
novel anticancer agents for the treatment of T-ALL and other MYC-related cancers. 
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2008-2013 Zebrafish Chemical and Classical Genetics Approach to the Pathogenesis of T-ALL 
 NIH/NCI  K08  CA133103 

PI ($704,700) 
 The major goals of the project supported by the career development award are to exploit 

the zebrafish model system to identify pathways that are required for the survival of MYC-
overexpressing cells, and to establish the functional role of genes involved in recurrent T-
ALL genomic alterations as potential novel T-ALL oncogenes and tumor suppressors. 

  
2009-2013 Unraveling the Molecular Pathogenesis of T-Cell Acute Lymphoblastic Leukemia using 

Zebrafish Genetics and Small Molecule Screens 
 ASH-AMFDP Career Development Award 

PI ($416,560) 
 The major goals of this career development award are to perform a small molecule screen 

in transgenic zebrafish to identify targetable genes and pathways that are selectively 
required for the survival of MYC-overexpression thymocytes, and to establish the 
functional relevance of genes involved in recurrent T-ALL genomic alterations to the 
pathogenesis of T-ALL using zebrafish genetic models. 

  
2010-2011 Molecular Targets in Well-Differentiated Liposarcoma 
 Harvard Catalyst Pilot Grant 

PI ($50,000) 
 The goal of this project is to exploit functional genetic analyses in a zebrafish model of 

well-differentiated liposarcoma to identify novel therapeutic targets in this chemoresistant 
disease. 
 

2012-2014 NIH/NCI  R21  CA167124 
 PI ($275,000) 
 The goal of this project is to establish molecular mechanisms mediating apoptosis 

resistance in high-risk subsets of T-cell acute lymphoblastic leukemia, and to develop 
molecularly targeted therapies to restore chemosensitivity. 

 
2013-2015 Zebrafish Functional Genetics Approach to the Pathogenesis of Well-Differentiated 
 Liposarcoma 
  Department of Defense  CA120215  
  PI ($240,000) 

The goal of this project is to exploit zebrafish functional genetics to define the oncogenes 
that drive selection for the characteristic 12q amplifications in human well-differentiated 
liposarcoma.  
 

2013-2015 Molecular Mechanisms of Chemotherapy Resistance in T-ALL 
  Boston Children’s Hospital Faculty Career Development Fellowship 
  PI ($100,000) 

The goal of this project is to define the genetic lesions that underlie failure of conventional 
chemotherapy in T-cell acute lymphoblastic leukemia. 

Current 
2013-2015 Therapeutic Activation of the PP2A Tumor Suppressor for High-Risk T-ALL 
  William Lawrence & Blanche Hughes Foundation 
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  PI ($254,780) 
This project aims to unravel the structural basis of PP2A activation by perphenazine, to 
define the mechanism through which PP2A activation kills T-ALL cells, and to test the 
hypothesis that pharmacologic PP2A activation will represent effective therapy for human 
treatment-resistant T-ALL.  
 

2013-2016 Therapeutic Activation of the PP2A Tumor Suppressor for High-Risk T-ALL 
  Gabrielle’s Angel Foundation 
  PI ($225,000) 

This project aims to unravel the structural basis of PP2A activation by perphenazine, to 
define the mechanism through which PP2A activation kills T-ALL cells, and to test the 
hypothesis that pharmacologic PP2A activation will represent effective therapy for human 
treatment-resistant T-ALL.  

 
2014-2017 Pathobiology and Therapeutic Targeting of EZH2-Dependent Chemoresistance in T-ALL 
  Damon Runyon Cancer Research Foundation 
  PI ($450,000) 

This project aims to define the mechanism through which EZH2 inactivation induces 
resistance to mitochondrial apoptosis in T-ALL, and to develop a therapeutic strategy to 
restore chemosensitivity in EZH2-mutant T-ALL. 
 

2015-2020 Rational Therapy of Refractory T-Cell Acute Lymphoblastic Leukemia 
  Boston Children’s Hospital Translational Research Program  
  PI ($603,900) 

This award supports our efforts to develop rationally devised therapies for treatment-
resistant T-ALL, and translate these findings to the clinic in innovative investigator-
initiated clinical trials. 

2015-2020 Discovery and Targeting of Apoptosis Resistance Mechanisms in High-Risk T-ALL 
NIH/NCI 1R01CA193651  
PI ($1,534,570) 
This grant, which is the scientific continuation of NCI R21 CA167124, aims to 1) Define 
the molecular mechanism through which EZH2 inactivation induces resistance to 
mitochondrial apoptosis; 2) Develop an effective therapeutic strategy to reverse apoptosis 
resistance and restore chemosensitivity. 
 

Report of Local Teaching and Training 
 
Teaching of Students in Courses  
2007- Hematology Pathophysiology course Harvard Medical School 
 2nd year medical students 6 x 2-hour sessions per year 
2014 Translational Investigation of T-ALL 

Biostatistics graduate students 
Harvard School of Public Health 
2-hour lecture 

 
Clinical Supervisory and Training Responsibilities 
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2007- Preceptor for hematology/oncology fellows in 
pediatric oncology clinic 

1 day per month 
2007- Supervision of fellows, residents and medical 

students as attending physician on the inpatient 
hematology or oncology services at Boston 
Children’s Hospital 

4 weeks (160 hrs) /year 

2012-2014 Invited Faculty Discussant, Senior Pediatric 
Resident Rounds, Boston Children’s Hospital  

10 hours/year 
 
Formally Supervised Trainees 
 
2012 Research advisor for Kim Bodaar, a medical student who performed her Masters thesis in 

my laboratory as part of the Honors Program in Medical Sciences at Radboud University, 
Nijmegen, The Netherlands. 

2013- Postdoctoral Research Advisor for Melissa Burns MD, Fellow in Pediatric 
Hematology/Oncology, Boston Children’s Hospital and Dana-Farber Cancer Institute. 

2013- Postdoctoral Research Advisor for Gayle Pouliot MD PhD, Fellow in Pediatric 
Hematology/Oncology, Boston Children’s Hospital and Dana-Farber Cancer Institute. 

2014- 
 
2015 

Postdoctoral Research Advisor for Ingrid Aries PhD, Postdoctoral Research Fellow, 
Boston Children’s Hospital. 
Research advisor for Mina Jacob, a medical student performing his Masters thesis in my 
lab as part of the Honors Program in Medical Sciences at Radboud University, Nijmegen, 
The Netherlands 

2015- Postdoctoral Research Advisor for Sarah Morton MD PhD, Neonatology Fellow, Boston 
Children’s Hospital  

 
Local Invited Presentations 
Those presentations sponsored by outside entities are so noted and the sponsors are identified below. 2011 International Outreach in Pediatric Oncology/International Medicine Grand Rounds 
 Boston Children’s Hospital 
2011 Translational Investigation of Molecular Oncogenesis Using Cancer Genomics and 

Zebrafish Models/Invited Lecture 
Boston Children’s Hospital /Dana-Farber Cancer Institute 

2013 Models for Program Building in International Oncology/Panelist 
Global Oncology Seminar, Dana-Farber Cancer Institute/Harvard Medical School  

2013 Pathobiology of High-Risk T-Cell Acute Lymphoblastic Leukemia 
Hematopoietic Stem Cell Transplantation Seminar, Dana-Farber Cancer Institute 

2014 Translational Investigation of High-Risk T-cell Acute Lymphoblastic Leukemia 
Pediatric Grand Rounds, Boston Children’s Hospital 

2014 Prognostic Biomarkers and Novel Therapies for High-Risk T-ALL 
Adult BMT Grand Rounds, Dana-Farber Cancer Institute 

2014 Therapeutic PP2A Activation for High-Risk T-ALL 
Leukemia Basic and Translational Research Meeting, Dana-Farber/Harvard Cancer Center 

2014 High-Risk T-Cell Acute Lymphoblastic Leukemia 
Pediatric Hematology/Oncology Research Seminar Series, Dana-Farber/Boston Children’s 
Hospital 
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 Report of Regional, National and International Invited Teaching and 
Presentations 
 
Invited Presentations and Courses  
Regional 
Those presentations sponsored by outside entities are so noted and the sponsors are identified below.   
2012 Careers in Basic and Clinical Research 

Workshop presentation, Latino Medical Student Association National Meeting 
Boston, MA 

2015 Pathobiology of Refractory T-cell Acute Lymphoblastic Leukemia 
University of Massachusetts Medical School 
Worcester, MA 

2015 High-Risk T-cell Acute Lymphoblastic Leukemia 
Hematology/Oncology Grand Rounds, Boston Medical Center 
Boston, MA 

2015 Discovery and Targeting Chemotherapy Resistance Mechanisms in High-Risk T-ALL 
Pediatric Grand Rounds, Hasbro Children’s Hospital/Brown University 
Providence, RI 

 
National  
Those presentations sponsored by outside entities are so noted and the sponsors are identified below.   
2009 Absence of T-Cell Receptor Gene Rearrangements Predicts Induction Failure in Pediatric 

T-Cell Acute Lymphoblastic Leukemia/Platform Presentation (abstract) 
American Society of Hematology Annual Meeting Oral Presentation  
New Orleans, LA 

2010 Pten Inactivation Promotes Loss of MYC Oncogene Addiction in a Conditional Zebrafish 
Model of T-ALL/Plenary Presentation-Young Investigator Award (abstract) 
American Society of Pediatric Hematology-Oncology 23rd Annual Meeting 
Montreal, Canada 

2010 Symposium on Pediatric Oncology in Developing Countries/Panelist 
American Society of Pediatric Hematology-Oncology 23rd Annual Meeting 
Montreal, Canada  

2011 Genomics and Zebrafish Models of High-Risk Leukemias and Sarcomas/Invited Lecture 
The Children’s Hospital of Philadelphia 

2011 Discovery of Molecular Oncogenesis and Therapeutic Targets using Cancer Genomics and 
Zebrafish Models /Invited Lecture 
New York University Cancer Institute 

2011 Translational Investigation of Molecular Oncogenesis Using Cancer Genomics and 
Zebrafish Models/Invited Lecture 
St. Jude Children’s Research Hospital 

2011 Zebrafish Models of High-Risk Cancers for Discovery of Novel Therapeutic 
Strategies/Invited lecture 
University of Texas Southwestern Medical Center 

2011 Genomics and Zebrafish Models of High-Risk T-ALL/Grand Rounds 
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UCSF Benioff Children’s Hospital 
2014 Targeting chemotherapy resistance mechanisms in high-risk T-ALL/Invited Lecture 

University Hospitals Case Medical Center, Cleveland, OH 
2015 Phenotypic Screening to Optimize Cancer Therapy/Invited Lecture 

AACR Annual Meeting.  Sponsored by the American Association for Cancer Research. 
Philadelphia, PA.   

2015 Chemotherapy Resistance Mechanisms in High-Risk T-ALL/Platform Presentation  
Children’s Oncology Group Annual Meeting.  Sponsored by the Children’s Oncology Group. 

2016 Genetic Basis of Chemotherapy Resistance in T-ALL/Invited Lecture 
NIH/NHGRI, Bethesda, MD 

 
International 
Those presentations sponsored by outside entities are so noted and the sponsors are identified below.   
2008 Conditional Induction of T-ALL using Estrogen Receptor Fusion and Cre/Lox Approaches 

Invited Oral Presentation, Targeting & Conditional Gene Expression Workshop 
8th International Meeting on Zebrafish Development & Genetics.  Sponsored by the 
Genetics Society of America Conferences. 
Madison, WI 

2010 Pten Inactivation Promotes Loss of MYC Oncogene Addiction in a Conditional Zebrafish 
Model of T-ALL/Platform Presentation (abstract) 
European Hematology Association Scientific Workshop: T-Cell Acute Lymphoblastic 
Leukemia Meets Normal T-Cell Development.  Sponsored by the European Hematology 
Association. 
Mandelieu, France 

2010 Absence of T-Cell Receptor Gene Rearrangements Predicts Induction Failure in Pediatric 
T-Cell Acute Lymphoblastic Leukemia/Platform Presentation (abstract) 
Societe Internationale d’Oncologie Pediatrique (SIOP) Annual Meeting.  Sponsored by the 
SIOP professional society. Boston, MA  

2010 A Twinning Program: The Colombian National Cancer Institute and Dana-
Farber/Children’s Hospital Cancer Center/Platform Presentation 
International Society of Paediatric Oncology (SIOP) Annual Meeting 
Boston, MA 

2013 Zebrafish Chemical Genetics for Discovery of Novel T-ALL Therapeutics/Invited Lecture 
Ghent University, Belgium 

2013 Dissecting the Pathobiology of Well-Differentiated Liposarcoma using the Zebrafish 
Model System/Platform Presentation 
Third International Conference on Sarcoma Biology, New York, NY 

2014 Perphenazine induces apoptosis in T-ALL by direct activation of PP2A/Platform 
Presentation (Abstract) 
FASEB Research Conference:  Protein Phosphatases, Nassau, Bahamas.   Sponsored by the 
Federation of American Societies for Experimental Biology  Report of Clinical Activities and Innovations 

Current Licensure and Certification 
 2004- Massachusetts Medical License 
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2004-2011 General Pediatrics Board Certification 
2009- Pediatric Hematology-Oncology Subspecialty Board Certification 
 
Practice Activities 
 2007- Ambulatory care Pediatric oncology, DFCI 2 sessions per month 
2007-2009 Inpatient attending Pediatric hematology, BCH 4 weeks per year 
2009- Inpatient attending Pediatric oncology, BCH 4 weeks per year 
    
 Report of Education of Patients and Service to the Community  
Activities 
 2008-2015 International outreach program in pediatric oncology between DFCI/BCH and 

Instituto Nacional de Cancerologia, Bogota, Colombia 
 I developed an international outreach program between our DFCI/BCH program and 

the pediatric oncology program of a public hospital caring for the poor in Bogota, 
Colombia.  The goal of this program is to improve cancer care for poor children in 
Colombia.  This program was supported by an award from World Child Cancer 
foundation in the UK.  

  
  Report of Scholarship 
Publications 
 
Peer reviewed publications in print or other media 
 
Scientific Publications 1. Singh G, Gutierrez A, Xu K, Blair IA. Liquid chromatography/electron capture atmospheric 

pressure chemical ionization/mass spectrometry: analysis of pentafluorobenzyl derivatives of 
biomolecules and drugs in the attomole range. Anal Chem. 2000;72:3007. 

2. Feng H, Langenau DM, Madge JA, Quinkertz A, Gutierrez A, Neuberg DS, Kanki JP, Look AT. 
Heat-shock induction of T-cell lymphoma/leukaemia in conditional Cre/lox-regulated transgenic 
zebrafish. Br J Haematol. 2007;138:169. 

3. Maser RS, Choudhury B, Campbell PJ, Feng B, Wong KK, Protopopov A, O'Neil J, Gutierrez A, 
Ivanova E, Perna I, Lin E, Mani V, Jiang S, McNamara K, Zaghlul S, Edkins S, Stevens C, Brennan 
C, Martin ES, Wiedemeyer R, Kabbarah O, Nogueira C, Histen G, Aster J, Mansour M, Duke V, 
Foroni L, Fielding AK, Goldstone AH, Rowe JM, Wang YA, Look AT, Stratton MR, Chin L, Futreal 
PA, Depinho RA. Chromosomally unstable mouse tumours have genomic alterations similar to 
diverse human cancers. Nature. 2007;447:966. 

4. O'Neil J, Tchinda J, Gutierrez A, Moreau L, Maser RS, Wong KK, Li W, McKenna K, Liu XS, 
Feng B, Neuberg D, Silverman L, DeAngelo DJ, Kutok JL, Rothstein R, DePinho RA, Chin L, Lee 
C, Look AT. Alu elements mediate MYB gene tandem duplication in human T-ALL. J Exp Med. 
2007;204:3059. 

5. Rhodes J, Amsterdam A, Sanda T, Moreau LA, McKenna K, Heinrichs S, Ganem NJ, Ho KW, 
Neuberg DS, Johnston A, Ahn Y, Kutok JL, Hromas R, Wray J, Lee C, Murphy C, Radke I, 
Downing JR, Fleming MD, Macconaill LE, Amatruda JF, Gutierrez A, Galinski I, Stone RM, Ross 
EA, Pellman DS, Kanki JP, Look AT.  Emi1 Maintains Genomic Integrity during Zebrafish 
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Embryogenesis and Cooperates with p53 in Tumor Suppression.  Mol Cell Biol. 2009;29:5911. 
6. Gutierrez A, Sanda T, Grebliunaite R, Carracedo A, Salmena L, Ahn Y, Dahlberg S, Neuberg D, 

Moreau LA, Winter SS, Larson R, Zhang J, Protopopov A, Chin L, Pandolfi PP, Silverman LB, 
Hunger SP, Sallan SE, Look AT.  High Frequency of PTEN, PI3K and AKT abnormalities in T cell 
acute lymphoblastic leukemia. Blood. 2009;114:647. 

7. Penning TM, Lee SH, Jin Y, Gutierrez A, Blair IA.  Liquid chromatography-mass spectrometry (LC-
MS) of steroid hormone metabolites and its applications.  J Steroid Biochem Mol Biol. 
2010;121:546. 

8. Sanda T, Li X, Gutierrez A, Ahn Y, Neuberg DS, O’Neil J, Strack PS, Winter CG, Winter SS, 
Larson R, von Boehmer H, Look AT.  Interconnecting Molecular Pathways in the Pathogenesis and 
Drug Sensitivity of T-cell Acute Lymphoblastic Leukemia. Blood. 2010;115:1735. 

9. Gutierrez A, Sanda T, Ma W, Zhang J, Grebliunaite R, Dahlberg S, Neuberg D, Protopopov A, 
Winter S, Larson R, Borowitz M, Silverman LB, Chin L, Hunger S, Jamieson C, Sallan SE, Look 
AT.  Inactivation of LEF1 in T-cell acute lymphoblastic leukemia. Blood. 2010;115:2845. 

10. Feng H, Stachura DL, White RM, Gutierrez A, Zhang L, Sanda T, Jette CA, Testa JR, Neuberg DS, 
Langenau DM, Kutok JL, Zon LI, Traver D, Fleming MD, Kanki JP, Look AT.  T-lymphoblastic 
lymphoma cells express high levels of BCL2, S1P1 and ICAM1 leading to a blockade of tumor cell 
intravasation. Cancer Cell. 2010;18:353. 

11. Gutierrez A, Dahlberg SE, Neuberg DS, Zhang J, Grebliunaite R, Sanda T, Protopopov A, Kutok J, 
Larson RS, Borowitz MJ, Loh ML, Winter SS, Mullighan CG, Silverman LB, Chin L, Hunger SP, 
Sallan SE, Look AT.  Absence of biallelic TCR deletion predicts early treatment failure in pediatric 
T-cell acute lymphoblastic leukemia. J Clin Oncol. 2010;28:3816. 

12. Inuzuka H, Shaik S, Onoyama I, Gao D, Tseng A, Maser R, Zhai B, Wan L, Gutierrez A, Lau AW, 
Xiao Y, Christie AL, Aster J, Settleman J, Gygi SP, Kung AL, Look AT, Nakayama KI, DePinho 
RA, Wei W.  SCF-FBW7 regulates cellular apoptosis by targeting Mcl-1 for ubiquitination and 
destruction. Nature. 2011;471:104. 

13. Rudner LA, Brown KH, Dobrinski DP, Bradley DF, Garcia MI, Smith ACH, Downie JM, Meeker 
ND, Look AT, Downing JR, Gutierrez A, Mullighan CG, Schiffman JD, Lee C, Trede NS, Frazer 
JK.  Shared acquired genomic changes in zebrafish and human T-ALL.  Oncogene. 2011;30:4289. 

14. Gutierrez A, Kentsis A, Sanda T, Holmfeldt L, Chen SC, Zhang J, Protopopov A, Chin L, Dahlberg 
SE, Neuberg DS, Silverman LB, Winter S, Hunger SP, Sallan SE, Zha S, Alt FW, Downing JR, 
Mullighan CG, Look AT.  The BCL11B tumor suppressor is mutated across the major molecular 
subtypes of T-cell acute lymphoblastic leukemia.  Blood. 2011;118:4169. 

15. Gutierrez A*, Grebliunaite R, Feng H, Kozakewich E, Zhu S, Guo F, Payne E, Mansour M, 
Dahlberg SE, Neuberg DS, den Hertog J, Prochownik EV, Testa JR, Harris M, Kanki JP, Look AT*.  
Pten mediates Myc oncogene dependence in a conditional zebrafish model of T-cell acute 
lymphoblastic leukemia.  J Exp Med. 2011;208:1595.  *Corresponding authors 

16. Gutierrez A*, Snyder EL, Marino-Enriquez A, Zhang Y, Sioletic S, Kozakewich E, Grebliunate R, 
Ou WB, Sicinska E, Raut CP, Demetri GD, Perez-Atayde AR, Wagner AJ, Fletcher JA, Fletcher 
CDM, Look AT*.  Aberrant AKT activation drives well-differentiated liposarcoma.  Proc Natl Acad 
Sci U S A. 2011;108:16386.  *Corresponding authors 

17. Ma W, Gutierrez A, Goff DJ, Geron I, Sadarangani A, Jamieson CA, Court AC, Shih AY, Jiang Q, 
Wu CC, Li K, Smith KM, Crews LA, Gibson NW, Deichaite I, Morris SR, Wei P, Carson DA, Look 
AT, Jamieson CH. NOTCH1 Signaling Promotes Human T-Cell Acute Lymphoblastic Leukemia 
Initiating Cell Regeneration in Supportive Niches.  PLoS One. 2012;7:e39725. 

18. Sanda T, Lawton LN, Barrasa MI, Fan ZP, Kohlhammer H, Gutierrez A, Ma W, Tatarek J, Ahn Y, 
Kelliher MA, Jamieson CHM, Staudt LM, Young RA, Look AT.  Core transcriptional regulatory 
circuit controlled by the TAL1 complex in human T-cell acute lymphoblastic leukemia.  Cancer Cell.  
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2012;22:209. 
19. Rao S, Lee SY, Gutierrez A, Perrigoue J, Thapa R, Tu Z, Jeffers JR, Rhodes M, Anderson S, 

Oravecs T, Hunger SP, Timakhov R, Zhang R, Balachandran S, Zambetti GP, Testa JR, Look AT, 
Wiest DL.  Inactivation of ribosomal protein L22 promotes transformation by induction of the 
stemness factor Lin28B.  Blood.  2012;120:3764. 

20. Sanda T, Tyner JW, Gutierrez A, Ngo VN, Glover J, Chang BH, Yost A, Ma W, Fleischman AG, 
Zhou W, Yang Y, Kleppe M, Ahn Y, Tatarek J, Kelliher MA, Neuberg DS, Levine RL, Moriggl R, 
Muller M, Gray NS, Jamieson CHM, Weng AP, Staudt JM, Druker BJ, Look AT.  TYK2-STAT1-
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Narrative Report 
          I am a pediatric oncology physician-scientist who spends 85% of my time and effort leading an 
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independent research program focused on the molecular pathogenesis of high-risk T-cell acute 
lymphoblastic leukemia.  Our approach combines human cancer genomics with functional genetics, 
biochemistry and small molecule screens in human cells and in the zebrafish model system.  During my 
postdoctoral studies, I discovered the first biomarker of failure of induction chemotherapy in human T-
ALL, and our work is focused on developing novel effective therapies for these patients.  We have found 
that EZH2 loss-of-function mutations induce resistance to conventional chemotherapy by inhibiting 
mitochondrial apoptosis induction, and current efforts are focused on defining the molecular mechanism 
linking EZH2 to the mitochondrial apoptotic machinery.  We also used a zebrafish screen coupled with a 
novel proteomics approach to discover that perphenazine, an FDA-approved antipsychotic, effectively 
kills T-ALL cells by directly activating the phosphatase activity of the PP2A tumor suppressor.  Current 
efforts are focused on investigating the structural basis of PP2A activation by perphenazine, defining the 
mechanism through which PP2A activation kills T-ALL cells, and screening for more potent and selective 
PP2A activators lacking the off-target toxicity of perphenazine.  The development of specific PP2A 
activators could improve clinical therapy for the broad range of human cancers driven by hyper-
phosphorylated PP2A substrates. 
          In addition to my basic and translational research activities, I also spend 15% time and effort caring 
for children with cancer and blood disorders through my clinical work in pediatric hematology/oncology 
at Boston Children's Hospital and Dana-Farber Cancer Institute. I am involved in the supervision and 
teaching of pediatric hematology/oncology fellows, pediatric residents, and medical students, and I am a 
tutorial session leader in the HMS hematology course for second year medical and dental students.  I am 
the postdoctoral research advisor of Melissa Burns MD and Gayle Pouliot MD PhD (both 
Hematology/Oncology Fellows at Boston Children’s Hospital/Dana-Farber Cancer Institute), Ingrid Aries 
PhD, a Postdoctoral Research Fellow in my laboratory, and Sarah Morton MD PhD (Neonatology Fellow 
at Boston Children’s Hospital).   
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